Extremely metal-poor star-forming galaxies (XMPs) represent one of our only laboratories for study of the low-metallicity stars we expect to encounter at early epochs. But as our understanding of the z > 6 universe has improved, it has become clear that the majority of known XMPs within 100 Mpc host significantly less prominent massive star populations than their reionization-era counterparts, severely limiting their utility as testbeds for interpreting spectral features found at the highest redshifts. Here we present a new photometric selection technique designed to identify nearby XMPs dominated by young stellar populations comparable to those expected in the reionization era. We apply our technique to uncover candidate XMPs in SDSS imaging at magnitudes 16 < i < 23, extending significantly below the completeness limits of the SDSS spectroscopic survey. Spectroscopic observations with the MMT confirm that 32 of the 53 uniformly metal-poor and vigorously star-forming targets we observed present gas-phase oxygen abundances 12 + log O/H < 7.7 (Z/Z < 0.1), including two in the range of the lowest-metallicity galaxies known, Z/Z < 0.05. Our observations shed new light onto the longstanding mystery of He ii emission in star-forming galaxies: we find that the equivalent width of the He ii λ4686 high-ionization emission line does not scale with that of Hβ in our sample, suggesting that binary evolution or other processes on > 10 Myr timescales contribute substantially to the He + -ionizing photon budget in this metallicity regime. Applying such selection techniques coupled with deep spectroscopy to next-generation photometric surveys like LSST may eventually provide a basis for an empirical understanding of metal-poor massive stars.
INTRODUCTION
Blue compact dwarf galaxies host the nearest populations of very young stellar populations at low metallicities (Z/Z < 0.1). The spectra of these objects were found early-on to be strikingly similar to those of H ii regions (Zwicky 1966) , indicating a preponderance of hot stars ionizing their surrounding gas. Since their discovery and the recognition of their significantly low metal content (Searle & Sargent 1972) , these systems have become fruitful laboratories for a wide range of astrophysics. They have found a role in topics ranging from galactic evolution and chemical enrichment (e.g. Ekta E-mail: senchp@email.arizona.edu & Chengalur 2010; Izotov et al. 2012; Guseva et al. 2017) to measurement of the primordial helium abundance (e.g. Izotov et al. 1994; Stasińska & Izotov 2001; Cooke 2015) .
Local star-forming dwarf galaxies have also proved crucial to understanding the earliest galaxies. In recent years, surprising high-ionization rest-ultraviolet (UV) nebular line detections in the reionization era have highlighted uncertainties in our models of stellar populations and their ionizing spectra below SMC metallicity (e.g. Stark et al. 2015a,b; Tilvi et al. 2016; Stark et al. 2017; Mainali et al. 2017; Laporte et al. 2017; Mainali et al. 2018) . Deep ultraviolet and optical spectra of nearby star-forming regions suggest that this emission may be powered by very metal-poor stellar populations (Z/Z < 0.1), and demonstrate that the extreme-UV (EUV) ionizing spectra predictions made by current models require substantial revision at low metallicities (Shirazi & Brinchmann 2012; Senchyna et al. 2017) . The accuracy of these stellar models is also critical for understanding the early heating of the IGM prior to reionization, which is likely dominated by the first X-ray binaries in the universe (e.g. Fragos et al. 2013; Mirocha et al. 2015) . X-ray observations of very metal-poor nearby galaxies suggest that stellar populations below Z/Z < 0.1 are far more efficient producers of hard X-ray radiation than those near solar (Brorby et al. 2014; Douna et al. 2015) , with significant consequences for the early IGM and the global 21-cm signal produced in the early universe (e.g. Furlanetto et al. 2006, and references therein) However, successfully employing local star-forming galaxies as reference objects in this context hinges upon identifying systems with properties comparable to reionization-era galaxies. In the last decade, a series of deep imaging campaigns have revolutionized our view of early star-forming galaxies (see Stark 2016 for a review). These surveys have revealed a population of compact and low-mass systems which are experiencing a substantial recent upturn in star formation history, reflected in very high specific star formation rates (sSFR, SFR/M > 5-10 Gyr −1 ). The optical-UV spectra of such systems indicate the presence of dense clusters of hot metal-poor stars capable of powering intense nebular emission.
Most extremely metal-poor galaxies (XMPs, with Z/Z < 0.1 i.e. 12 + log O/H < 7.7; Asplund et al. 2009 ) known in the local universe are poor analogs of these reionization-era systems. While several canonical XMPs like I Zw 18 (Zwicky 1966; Searle & Sargent 1972; Izotov et al. 2005) and SBS 0335-052E (Izotov et al. 1990 (Izotov et al. , 2005 display significant recent star formation and prominent massive star populations comparable to reionization-era systems, the approximately 300 XMPs in the SDSS spectroscopic database (depending on method and noise constraints; Sánchez Almeida et al. 2016; Guseva et al. 2017) are significantly less extreme. Most of the bright XMPs uncovered by the SDSS spectroscopic survey present relatively low equivalent width Hβ emission indicative of sSFRs 1 Gyr −1 , 5-10 times lower than inferred at z > 6. As a result, the X-ray and nebular line spectra of typical known XMPs likely have significant contributions from somewhat older populations, including the energetic products of binary evolution involving stars with main sequence lifetimes of 10-100 Myr (e.g. Fabbiano 2006; Eldridge et al. 2017; Gotberg et al. 2017) . Using these systems as templates for very young stellar populations at reionization-era metallicities may then lead to significant inaccuracies in our understanding of early galaxies and IGM heating.
Motivated by the paucity of metal-poor systems dominated by young stellar populations, we have begun a campaign to identify new vigorously star-forming XMPs within 100 Mpc (z < 0.03). We developed a set of photometric color cuts designed to select these objects from ugriz photometry based upon the colors of systems like I Zw 18 with significant contamination of both the g and r bands by nebular emission from [O iii]+Hβ and Hα. In contrast to previous photometric excess selections (e.g. the Green Peas and Blueberries Cardamone et al. 2009; Amorín et al. 2010; Yang et al. 2017) , our two-band excess method targets relatively low [O iii]/Hα ratios as observed in very low-metallicity systems. By extending this search to objects several magnitudes fainter than SDSS spectra access and focusing on very low redshifts, we aim to identify lower-mass and lower-metallicity systems missed by magnitude-limited surveys, a number of which have been uncovered previously (e.g. James et al. 2015; Hirschauer et al. 2016; Sánchez Almeida et al. 2017; Hsyu et al. 2017) . Developing and testing such photometric selection techniques is particularly pressing in light of ongoing and imminent deep photometric surveys such as that to be conducted by the Large Synoptic Survey Telescope (LSST; Ivezic et al. 2008) .
Here, we present the results of MMT spectroscopic follow-up of objects selected using our technique from SDSS photometry at magnitudes 18 < i < 21. We present the photometric selection and sample in Section 2. In Section 3 we describe the photometric data, spectroscopic follow-up, and analysis. We present the results in Section 4, and conclude in Section 5. We assume a solar oxygen abundance of 12+log 10 ([O/H] ) = 8.69 (Asplund et al. 2009 ). For distance calculations and related quantities, we adopt a flat cosmology with H 0 = 70 km s −1 Mpc −1 . All magnitudes are in the AB system unless otherwise stated.
PHOTOMETRIC SAMPLE
We aim to identify extremely metal-poor star-forming galaxies from ground-based broadband photometric data. In particular, we focus on the commonly-used Sloan photometric system, which consists of five wide bands denoted u, g, r, i, z spanning the wavelength range 3000-11000Å (Fukugita et al. 1996) . The SDSS employed this system in imaging spanning over 11,663 deg 2 of the Northern sky to a depth of r = 22.2 (z = 20.5), with accompanying fiber spectroscopy complete for only the brightest galaxies r < 17.77 (York et al. 2000; Strauss et al. 2002; Abazajian et al. 2009 Abbott et al. 2018) as well as LSST (Ivezic et al. 2008 ) employ all or nearly all of these bands. Thus, a substantial and expanding fraction of the sky is covered by deep photometry in at least griz.
Star-forming dwarf galaxies have distinctive optical spectra, dominated by a blue continuum and the strong emission lines Hα, Hβ, and [O iii] λλ4959, 5007. In systems with sufficiently vigorous recent star formation, this nebular emission can heavily contaminate broadband photometry and produce distinctive color excesses. In Figure 1 we plot the g − r versus r − i SDSS colors of spectroscopicallyconfirmed extremely metal-poor galaxies, alongside those of star-forming galaxies previously selected using color excess techniques and the color distribution for stars. Since we are interested in seeking out the lowest-metallicity galaxies, and we expect these galaxies to be relatively low-mass and thus faint (e.g. Berg et al. 2012) , we focus on the nearest galaxies at the lowest redshifts z < 0.03 (luminosity distances 100 Mpc). The XMPs plotted are drawn from the literature, and include systems like I Zw 18 with intense ongoing star formation as well as objects with very low gas-phase oxygen abundances but lower equivalent-width emission (Guseva et al. 2017; Izotov et al. 2018 , and references therein).
For comparison, we plot the Blueberry galaxies presented by Yang et al. (2017) , which are z < 0.03 systems selected on [O iii]+Hβ emission; these are low-redshift counterparts to the [O iii]-selected Green Pea galaxies, which reside at z ∼ 0.1-0.3 (Cardamone et al. 2009 ). This plot reveals that extremely metal-deficient systems occupy a region of colorcolor space disjoint from that of galaxies selected photometrically via an [O iii] excess at the same low redshifts, and overlap more significantly with the stellar locus.
In order to understand this offset in color-color space, we must examine the spectral energy distribution of nearby star-forming galaxies in more detail. In Figure 2 , we plot the SDSS spectra and photometry for I Zw 18 NW alongside that of a galaxy selected using the [O iii]-excess photometric criteria presented by Yang et al. (2017) . In the latter system, [O iii] λ5007 is significantly stronger than Hα. The [O iii] and Hα lines occupy the g and r bands for objects such as these at redshifts z < 0.03. As visible in Figure 2 , systems with strong [O iii] emission relative to Hα will produce a substantially larger photometric excess in g (from [O iii]+Hβ) than in r (Hα), forming the basis of the Green Pea and Blueberry galaxy selections (Figure 1 ). For a fixed star formation history and gas geometry, the ratio of [O iii]/Hα peaks at a metallicity near 12 + log O/H = 8 and decreases at lower metallicities (e.g. Kewley & Dopita 2002) . As a result, selections based upon high [O iii]/Hα will preferentially identify systems at moderately subsolar metallicities (Z/Z 0.2). This is evident in the metallicity distribution of the Green Pea galaxies (Amorín et al. 2010) .
The colors of most actively star-forming XMPs at z < 0.03 are significantly different from these higher-metallicity systems. Figure 2 reveals that the [O iii] λ5007 emission line presents approximately the same flux as Hα in I Zw 18 NW. As a result, the g − r color of this object is nearly zero, and it would be missed by a blue g − r selection designed to identify strong [O iii] emitters (Figure 1 ). However, both the g − i and r − i colors are significantly blue in this XMP due to contamination by [O iii]+Hβ and Hα (respectively) relative to the continuum in i. By identifying an excess in both g and r relative to i and focusing on g − r colors near zero, we can define new color criteria to select star-forming XMPs.
This physical picture motivates development of a twoband excess selection (in g and r) for identifying XMPs at low redshift. We define the color cuts used for this work by examining the measured colors of known extremely metalpoor (12 + log O/H < 7.7) emission line galaxies at redshifts z < 0.03 culled from the literature (Kunth &Östlin 2000; Shirazi & Brinchmann 2012; Guseva et al. 2017; Izotov et al. 2018 , and references therein; Figure 1 ). In particular, we focus on systems with large specific star formation rates and high equivalent width emission indicative of a substantial population of massive stars.
• g − i < −0.1 (5σ), r − i < −0.1 (5σ): Statisticallysignificant excesses in both the g and r bands relative to i.
• −0.15 < g−r: A g-band excess comparable to or stronger than that in i (see Figure 2) .
• −0.7 < u − i < 1.0: A relatively flat continuum in u − i (large scatter, due to both real variations in star formation history and shallower u-band constraints). . SEDs and SDSS photometry for two prototypical nearby (z < 0.03) star-forming galaxies. The grayscale curves in the lower panel represent the throughput of the SDSS g, r, and i bands which we focus on in this work. The bottom blue SED and photometry is from a blueberry galaxy (SDSS specObjID 384098472598464512) and is typical of galaxies selected by a single band excess; strong [O iii] emission produces an excess in g relative to both r and i. • −0.
We utilize the modelMag measurements which are derived from the better-fitting of a de Vaucouleurs and an exponential profile model. These measurements are thus appropriate for both point-like and extended objects. Single-band excess selection techniques such as those defining the Green Peas have the advantage of isolating galaxies with particularly unique colors. As hinted at by the overlap with the stellar locus in Figure 1 , our color selection includes some contaminants which are dominated by stars of A and F type and a smaller number of quasars (predominantly at z ∼ 2.3). For the purposes of this initial study, we utilize morphology cuts to refine our sample. We require that our targets are classified as non-pointlike (extended) by the SDSS algorithm, In addition, we crossmatched point-like SDSS candidates with the deeper Hyper Suprime-Cam Subaru Strategic Program (HSC-SSP; Aihara et al. 2018) DR1 photometry and identified a small number of unresolved SDSS objects categorized as extended in this catalog, which we included in our target list. Of the set of 959 objects in SDSS DR13 which satisfy our photometric selection, 148 have associated SDSS spectra. All are emission line galaxies at low redshift z < 0.08 (all but five reside at z < 0.03), with median Hβ equivalent width 96Å indicative of substantial recent star formation. By design, this observed subset includes many systems in the XMP regime, including canonical systems such as I Zw 18.
Motivated by the successful test of this selection, we initiated a spectroscopic campaign to target the fainter objects selected by our cuts which lack SDSS spectra. We manually cleaned the set of targets without SDSS spectra to identify high-quality candidates for spectroscopic follow-up. We removed giant H ii regions embedded in spiral galaxies or any larger system with an SDSS spectrum. We then crossmatched with SIMBAD (Wenger et al. 2000) and excised any object with a metallicity measurement in the literature. We also discarded any obvious photometric artifacts. From the 959 extended objects in the SDSS DR13 photometric database satisfying our selection criteria, we identified 161 high-quality cleaned targets awaiting spectroscopic confirmation.
We plot the u-band apparent magnitude distribution of objects satisfying our photometric selection in Figure 3 . The objects that were observed spectroscopically by SDSS have a median u-band magnitude of 17.7, and extend down only to 20.4. The turnover near u = 18 is consistent with the design of the SDSS spectroscopic survey, which is complete to galaxies brighter than r < 18 (Strauss et al. 2002) . In contrast, the distribution of the cleaned photometric targets selected for study in this work peaks at u ∼ 19 and extends down to nearly u = 22. The cutoff at the faint end is likely due largely to the SDSS star-galaxy separation algorithm breaking down at low signal-to-noise. Even with this limiting faint magnitude, our photometric selection probes significantly below the completeness limits of the SDSS spectroscopic survey. By reaching fainter apparent magnitudes in a redshift-limited selection, we aim to access lower-mass galaxies and potentially a higher fraction of XMPs. Deeper photometric surveys such as LSST will likely dramatically expand the population of objects accessible to this technique. with SDSS spectra new candidates Figure 3 . The u-band magnitude distribution of objects satisfying our photometric selection criteria, including both objects with flux-matched SDSS spectra and new candidates selected for follow-up. The subset with SDSS spectra drops off steeply at magnitudes fainter than u > 18 due to the apparent magnitude limit of this survey. Our new targets peak at a significantly fainter magnitude u = 19, and extend as faint as u = 21, significantly below the completeness limits of the SDSS spectra.
OBSERVATIONS AND ANALYSIS
With a sample of new star-forming XMP candidates inhand, we pursued spectroscopic observations to confirm and characterize these objects. Over the course of seven nights with the MMT in January 2018, we detected the auroral line [O iii] λ4363Å and measured direct-temperature metallicities in 53 systems selected from our sample -their photometric properties are summarized in Table 1 . In the following subsections, we describe the photometric data and bulk galaxy constraints derived from SED modeling; then discuss the spectroscopic observations and data reduction; and describe the measurement of nebular emission lines and metallicities from these spectra.
Photometric data and distances
The SDSS imaging of our targets provides constraints on the star formation history of these galaxies. We plot SDSS mosaic images of the 53 targets presented in this paper in Figure 4 . The majority of galaxies targeted are dominated by the compact region we have selected for follow-up, so that the SDSS photometry of our targets represents essentially the entire galaxy in the optical Several systems appear to be part of a larger irregular structure of embedded star-forming regions, most notably J0905+2532, J0937+2046, and J1034-0221; we flag these systems in subsequent tables. Since our spectroscopic data is limited to the compact region covered by our slit, we focus our attention on these regions, while noting that the total stellar masses of these few particularly extended galaxies may be at most a factor of ∼2-3 times larger than implied by our photometry. . Half-light Petrosian surface brightnesses in the i-band are also presented. The confirmed galaxy for which we determined extendedness using the HSC-SSP catalog rather than SDSS photometry (SDSS J0845+0131) is denoted by a * . We flag the systems which appear to be part of a significantly larger galaxy with † (Section 3.1). The IAU designations for each SDSS photometric object are presented here, though shortened names are used in subsequent tables and the text. The redshifts and distances inferred from the MMT spectra are presented in the final columns (Section 3.1). Figure 4 . SDSS gri mosaic images centered on our spectroscopic targets. A 3 radius red circle denotes the target region observed in each case; this radius corresponds to transverse comoving distances ranging from 0.04-1.5 kpc at the distances of these objects. The majority are dominated in the optical by the compact star-forming regions targeted in each, for which we obtained spectroscopic follow-up. We fit the SDSS modelMag flux measurements with Prospector, a python framework for stellar population synthesis modeling Leja et al. 2017) 1 . In particular, we utilize the affine-invariant MCMC sampler emcee (Foreman-Mackey et al. 2013 ) and the Flexible Stellar Population Synthesis (FSPS) models including nebular emission, described by Conroy et al. (2009 Conroy et al. ( , 2010 and Byler et al. (2017) . We adopt a constant star formation history representing the most recent activity in these systems, which we find to be an adequate fit to the SDSS ugriz photometry. Including the nebular emission model implemented by Byler et al. (2017) allows us to model the entire SED including contaminated bands. We adopt a Chabrier (2003) IMF with the Padova isochrones and MILES spectral library. In our fits we allow the gas-phase and stellar metallicity to vary in lockstep over the range −2 < log 10 (Z/Z ) < 0.2; dust extinction to vary up to an optical depth of 0.5; and the gas ionization parameter log U to vary over the full range of the models (−4 < log U < 0). Stellar mass estimates are extracted by marginalizing over the full posterior distribution.
For distances, we rely on redshifts measured from fitting the strong emission lines in the MMT spectra (see Section 3.2). Since several galaxies reside at very low redshifts where the Hubble flow does not yet dominate over peculiar velocities, we utilize the Tonry et al. (2000) local flow model with H 0 = 70 kms −1 Mpc −1 to convert redshifts to distances. The adoption of this local flow model is necessary as no other distance indicators are readily available; while it inevitably introduces systematic uncertainties in derived measurements at the lowest redshifts, only the absolute magnitudes and masses presented in this paper are affected. We note that this uncertainty is most significant for J1005+3722, which is the only galaxy with inferred distance < 15 Mpc (at z = 0.0014, corresponding to 2.7 Mpc in our model). The measured redshifts and adopted distances are presented in Table 1 .
Spectroscopic observations
We obtained seven nights on the 6.5m MMT in 2018A to follow-up our XMP candidates. Because of a dewar issue with the Blue Channel spectrograph, we used the Red Channel spectrograph for the first four nights of our program (January 11-14 2018, Table 2 ). We used the 300 lines/mm grating with the 1.5 ×180 slit, providing simultaneous coverage over 3500-6650Å (from [O ii] λλ3727, 3729 to Hα) with 1 https://github.com/bd-j/prospector spectral resolution 11Å FWHM (measured from nebular emission lines). The slit was aligned at parallactic to minimize losses on the blue end. Exposure times were adjusted to obtain by-eye significant detections of the [O iii] λ4363 auroral line for direct electron temperature T e metallicity measurement, and ranged from 15-30 minutes typically (see Table 1 ). Wavefront sensor corrections were performed at least twice per night, and indicated that seeing varied from 0.6-2 over the course of the four nights (Table 2) .
Blue Channel was restored to the MMT in time for our three night block on January 22-24 2018 (Table 2 ). Our Blue Channel observations were similar: we used the 300 lines/mm grating and 1.5 × 180 slit oriented at parallactic, which in this case yielded spectra covering 3100-8200Å with an effective spectral resolution of 7Å FWHM. Winds and the resulting seeing were again variable, with the wavefront sensor reporting values ranging from 0.7-2 ; all but one half night yielded usable data.
The spectra were reduced using standard longslit techniques. Our calibrations consisted of three flux standard observations per night (of stars LB 227 and Feige 34) with HeAr/Ne lamp exposures taken at each to fix the wavelength solution and flats taken at the beginning of each night. The data were reduced using a custom python reduction pipeline which found arc solutions and performed overscan bias correction and flat-fielding, median-combination of the individual data frames, rectification, background subtraction, and airmass-corrected flux normalization using the standard star observations. The one-dimensional spectra were extracted with a boxcar of width 7 or 14 , adjusted to ensure all object flux was captured while maximizing signal-to-noise. The final one-dimensional spectra are uniformly dominated by a blue stellar continuum and strong nebular emission lines, with median signal-to-noise (S/N) of 14 per pixel in the continuum at 4550Å and median Hβ S/N of 25.
Nebular lines and metallicity
Nebular lines were measured using the same software described in Senchyna et al. (2017) . In summary, we conduct MCMC model fits consisting of Gaussians over a local linear continuum model using the emcee sampler (ForemanMackey et al. 2013 ). This framework allows us to fit nearby lines jointly and obtain robust flux measurements. A selection of the [O iii] λ4363 detections are displayed in Fig. 5 , demonstrating the typical S/N range achieved in this T esensitive line. All line fluxes were corrected for extinction assuming a Case B recombination ratio Hα/Hβ of 2.74 (T e = 2 × 10 4 K, n e = 10 3 cm −3 ; Draine 2011); if Hα/Hβ was found to be less than this value, we assume negligible extinction and do not apply any corrections. We adopt the Fitzpatrick (1999) extinction curve, which differs minimally from the Gordon et al. (2003) SMC curve in the optical. We found that varying the assumed intrinsic Case B value from 2.74-2.86 had minimal impact on the derived metallicities ( 0.01 dex).
With [O ii] λλ7320, 7330 detections for most of our objects, we estimate T e (O ii) from the model-derived translation equations presented by Izotov et al. (2006) . We then use the corrected Balmer, [O iii] λλ4959, 5007, and [O ii] λλ3727, 3729 fluxes to derive O/H for each object. The results are presented in Table 3 alongside the stellar masses derived as described in Section 3.1. We also include measurements of several emission line equivalent widths and dust-corrected
We perform these measurements for the SDSS spectroscopic objects which fall within our photometric selection criteria as well; of the 148 with spectra (see Section 2), only 15 have > 2σ detections of both [O ii] 
RESULTS
We developed a method for identifying extremely metalpoor galaxies hosting prominent young stellar populations with ground-based ugriz photometric data. Applying this technique to the SDSS photometric database yielded over 150 candidates missed by the SDSS spectroscopic survey. As part of an ongoing spectroscopic follow-up survey, we obtained confirmation spectra with MMT Red and Blue Channel, yielding direct-T e metallicities for 53 new systems. Here we present the results of these first spectroscopic observations in three sections, focusing on the broadband photometry (Section 4.1), the gas-phase metallicities (4.2), and the ionization state of the gas (4.3).
Broadband photometric properties
The galaxies selected for spectroscopic follow-up in this paper have median apparent magnitudes u = 19.3 and i = 19.0, significantly below the completeness limit of the SDSS spectroscopic sample (r 17.8: Strauss et al. 2002 , and evident in Figure 3 ). However, their median Petrosian half-light surface brightnesses in the i-band of SB i = 22.4 mags/arcsec 2 (ranging from 21-25 mags/arcsec 2 , Table 1 ) is still relatively bright, overlapping with the faint end of BCDs in the SDSS spectroscopic sample (e.g. James et al. 2015 , and references therein)
These relatively high surface brightnesses reflect the Table 3 . Basic spectoscopic and derived photometric properties for our sample.
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123 ± 14 450 ± 62 0.06 7.8 ± 0.4 6.8 ± 0.4 7.50 ± 0.06 6.56 ± 0.21 J125134.65+392642.6 94 ± 7 310 ± 46 0.04 9.0 ± 0.8 5.8 ± 0.3 7.51 ± 0.19 5.80 ± 0.12 J125727.52+270605.3 77 ± 8 292 ± 42 0.09 3.8 ± 0.2 6.7 ± 0.4 7.58 ± 0.11 6.21 ± 0.18 compact morphologies of the objects in our sample, which have median Petrosian half-light radius 1.3 (corrected assuming 1.0 typical seeing). At the spectroscopic distances of these galaxies, the observed half-light radii correspond to physical sizes of 0.4 +0.5 −0.2 kpc (16-50-84 percentile range). This is comparable to the typical measured sizes of z > 6 star-forming galaxies (e.g. Shibuya et al. 2015; Curtis-Lake et al. 2016 ).
Our aim is to identify galaxies at very low metallicities, which likely have relatively low stellar masses (M/M < 10 7.5 , Berg et al. 2012 ). In Figure 6 we plot the apparent magnitude of the targeted galaxies against stellar masses derived from broadband stellar population fits including nebular emission (Section 3.1). The systems we observed all have stellar masses below M/M = 10 7.5 and extend down to M/M = 10 3.7 , with median M/M = 10 6.3 . The faintest systems in our sample also tend to have lower stellar masses. The galaxies fainter than i 19 have a median stellar mass of M/M = 10 5.8 , 0.7 dex lower than the galaxies brighter than this cutoff. This is a result of our selection technique identifying systems at low redshifts z < 0.03 corresponding to distances < 130 Mpc (Section 2). Since our selection is thus volume-limited, restricting a subsample to apparent magnitudes fainter than some limit is equivalent to placing an upper bound on intrinsic luminosity and thus stellar mass.
The broadband photometry also constrains the stellar populations present in these systems. Figure 6 also displays the specific star formation rates derived from the SED fits in the marker colors. The median sSFR in our sample is 36 Gyr −1 , which indicates that the optical SEDs of these galaxies are predominantly shaped by very young stellar populations. This is comparable to values measured in the reionization era (e.g. Stark 2016 , and references therein), and substantially higher than in most known XMPs (see Section 4.3). Consider the system J0822+4605, a galaxy with stellar mass of M/M = 10 5.9±0.1 and sSFR 40 ± 18 Gyr −1 typical of our sample. Despite its relatively low stellar mass, this system has had sufficient recent star formation to produce a significant population of hot stars. Under nominal assumptions (Z/Z = 0.1 and the fiducial BPASS IMF, which is approximately Kroupa et al. 1993) , the BPASS v2.0 stellar synthesis models (Eldridge et al. 2017) indicate that this star formation history corresponds to ∼ 1000 active O stars. This galaxy is barely-resolved by SDSS at 52 Mpc distant (Figure 4) , suggesting that this substantial young stellar population occupies a region < 25 pc in radius. For comparison, this population occupies a region smaller than many Local Group dwarf irregular galaxies such as IC 10 with a half-light radius of 0.6 kpc and Sextans A with 1.0 kpc (McConnachie 2012, and references therein). But in contrast to these Local Group galaxies, these newly-discovered XMPs host very high densities of massive stars, collectively providing a high signal-to-noise probe of the EUV ionizing spectrum powered by low-metallicity stars. The bulk properties of the dense young stellar population in J0822+4605 are more comparable to individual super star clusters observed in the canonical XMP SBS 0335-052, which is undergoing a particularly intense phase of star formation (Reines et al. 2008 ).
Metallicities
Our photometric selection was designed to locate nearby star-forming dwarf galaxies at extremely low metallicity (Z/Z < 0.1). The photometric data and spectroscopic redshifts obtained for the set of candidates presented in this paper confirm that we have identified nearby < 130 Mpc compact galaxies at low stellar mass M/M = 10 3.7 -10 7.5 with optical SEDs dominated by young stellar populations (Section 4.1). Now we examine the gas-phase metallicities measured for this sample.
The metallicity distribution of our sample is displayed in Figure 7 , where we plot the direct-T e oxygen abundances against the photometric stellar masses measured for our sample (see Table 3 ). Of the 53 systems for which we measured [O iii] λ4363 and derived metallicities, over half (32) fall below 12 + log O/H = 7.7 and are thus classified as XMPs, with all but 2 of the others falling below . Stellar masses derived from photometric SED fitting versus apparent i-band magnitudes for our sample, color-coded by the specific star formation rates measured by the SED fit. The errorbars indicate 1σ uncertainties in the mass, and are hidden by the marker in several cases. The galaxies presented in this paper are almost all fainter than the completeness limits of the SDSS spectroscopic survey (r < 18), extending down to i = 23. The vast majority have stellar masses M/M < 10 7 , and they reach as low as M/M = 10 3.7 . We note a trend towards lower stellar masses at fainter apparent magnitudes, a result of employing a redshift-limited selection technique which restricts our sample to distances < 130 Mpc.
12 + log O/H = 8.0 (Z/Z 0.2). This is a higher fraction of XMPs than found in other photometrically-selected nearby galaxy samples (e.g. Brown et al. 2008; Amorín et al. 2010; Yang et al. 2017) . For example, the Green Peas are selected on strong [O iii]/Hα emission (see Section 2), and as a result span the range 7.7 12 + log O/H 8.4 with mean 12 + log O/H = 8.05 ± 0.14 (Amorín et al. 2010) ; essentially none fall into the range of XMPs. This confirms that twoband excess selections applied at faint magnitudes are extraordinarily efficient at identifying nearby XMPs.
Galaxies below Z/Z = 0.05 remain particularly elusive (e.g. Guseva et al. 2017; Hsyu et al. 2017; Izotov et al. 2018) , and locating populations of massive stars in this regime is thus extremely valuable for testing stellar models. Among the 32 confirmed XMPs in our sample, we have identified two new systems in this regime: J0845+0131 at 12 + log O/H = 7.30 ± 0.13 and J1005+3722 with 7.25 ± 0.22 are compact systems in the realm of the lowest-metallicity galaxies discovered to-date. Though both are characterized by prominent massive star populations, J0845+0131 stands out, with the highest specific star formation rate in our sample 500 ± 240 Gyr −1 and as a result the highest equivalent width Hβ emission (296 ± 63Å). This system is one of only three known at 12+log O/H ≤ 7.30 with Hβ equivalent width ≥ 300Å, the other two being one of the star-forming regions in SBS0335-052E and J0811+4730 (Izotov et al. 2009; Guseva et al. 2017; Izotov et al. 2018) . Deeper spectroscopy of these systems will allow detailed investigation of massive star populations and gas conditions in this relatively unexplored regime of extremely young and metal-poor systems. . Metallicity versus stellar mass for the newly-confirmed galaxies presented in this paper. Of the 53 photometric targets we obtained spectra for, 32 revealed extremely metal-poor gas 12 + log O/H < 7.7. The stellar masses of our targets are uniformly low M/M < 10 8 , but we still observe a significant trend between these parameters. The low-mass distribution is heavily weighted towards low metallicities, with 26/31 below M/M < 10 6.5 classifying as XMPs.
The lowest-metallicity galaxies in our sample present the lowest stellar masses as well, with J0845+0131 at 10 4.73±0.08 M and J1005+3722 at 10 3.65±0.13 M . Due to its very low redshift z = 0.0013, the mass of J1005+3722 is subject to large systematic uncertainties from our adopted local velocity flow model; but even a factor of several underestimate leaves its mass ≤ 10 4 M and distance < 6 Mpc. This places it as one of the nearest known population of massive stars in this metallicity regime Z/Z < 0.05, at a similar distance as the gas-rich XMPs Leo P ( 2.0 Mpc; Skillman et al. 2013 ) and the Leoncino Dwarf (7-20 Mpc; Hirschauer et al. 2016 ) discovered through H i surveys. Nearby systems like J1005+3722 can be partially-resolved into individual stars or small clusters, enabling even more detailed investigation of their stellar properties with deep spectroscopy and imaging than for comparable galaxies beyond > 10 Mpc.
As we are interested in constraining the properties of the lowest-metallicity stars, a technique to distinguish these galaxies at < 0.05 Z from those at 0.1 Z photometrically would be extremely valuable. Our initial selection employed a blue g − r cut to select galaxies with similar contamination in both g from [O iii]+Hβ and r from Hα (Section 2), and correspondingly low [O iii]/Hα ratios. Since this was color cut allowed us to efficiently identify systems with 12 + log O/H < 7.7, we might expect this color to be a useful way to identify systems at the very lowest metallicities with 12+log O/H < 7.35. However, the SDSS g −r color appears to be a poor predictor of metallicity in the blue (g − r > −0.15) and faint (i > 19) range of our sample. We see little correlation between gas-phase metallicity and g − r color among galaxies that satisfy our initial selection, and the two lowestmetallicity systems at 12 + log O/H < 7.35 fall near the median of our sample in g − r (at -0.04 and 0.03; Tables1 and 3). Photometric uncertainties and redshift-bandpass interactions likely increase the scatter in the relationship between g − r and [O iii]/Hα, making SDSS colors alone a poor indicator of metallicity in this domain.
However, we do observe a significant trend between stellar mass and metallicity in this sample (Figure 7) . The galaxies in our sample below log 10 M/M < 6.5 are significantly more metal-poor than those above. Below this mass cutoff, 26 of 31 systems are XMPs with 12 + log O/H < 7.7, whereas only 6 of 23 more massive systems fall into this category. This trend can be understood as an extension of the well known mass-metallicity relation constrained at higher stellar masses (e.g. Berg et al. 2012 ) into the apparent magnitude domain of our sample. While mass determination requires spectroscopic redshift measurement, our sample is volume-limited (Sections 2, 4.1). We might then expect apparent magnitudes to correlate with metallicity as well.
In Figure 8 we plot the metallicity of objects selected by our photometric technique against their apparent iband (continuum) magnitude, including brighter candidates which were allocated SDSS fibers. As described in Section 3.3, metallicities were measured in the SDSS spectra and our MMT spectra in a self-consistent manner. This plot reveals a significant correlation between apparent magnitude and metallicity. Galaxies fainter than m i = 19 are systematically lower-metallicity than those brighter, with a median metallicity of 12 + log O/H = 7.59 that is well into the XMP regime at m i > 19 compared to the median of 12 + log O/H = 7.96 in the brighter systems. The two lowestmetallicity galaxies in our sample at 12 + log O/H < 7.35 are also the most intrinsically-faint, at M i = −5.8 and −2.8; and only one (J1005+3722) was sufficiently nearby to reach an apparent magnitude of i = 19.4 and be resolved by SDSS. This suggests that focusing this technique on fainter objects using deeper surveys like LSST and HSC will yield large numbers of galaxies at or below the metallicity floor of current XMP samples, substantially expanding the sample of systems to which deep spectroscopy can be applied to understand the lowest-metallicity massive stars.
Gas properties and ionizing spectra
We have identified 32 new XMPs selected using a photometric band excess technique. These systems are systematically fainter than XMPs discovered by the magnitudelimited SDSS spectroscopic sample. By virtue of their selection on high equivalent width nebular emission and volumelimited distribution, the XMPs presented here uniformly host prominent massive star populations (median sSFR = 36 Gyr −1 ) in a compact region < 1 kpc in radius (Section 4.1). Future deep spectroscopy of these objects will enable stellar features such as Wolf-Rayet wind emission to be constrained. However, our discovery spectra already allow us to investigate the bulk gas conditions and to address the stillmysterious origin of high-ionization nebular He ii emission in these systems.
We first explore how the star formation histories and ionized gas conditions in our galaxies compare to those in brighter XMPs discovered previously. In Figure 9 , we plot Hβ equivalent widths and O 32 ratios for the XMPs presented in this paper. For comparison, we also plot XMPs identified by Sánchez Almeida et al. (2016) Figure 8 . The apparent i-band continuum magnitude versus metallicity distribution for objects selected by our photometric technique. We include 96 objects with existing SDSS spectra for which we measured metallicities using the technique described in Section 3.2, but with [O ii] λλ7320, 7330 in cases where the [O ii] λλ3727, 3729 doublet was missed by the SDSS spectrum (Section 3.3). The galaxies with spectra presented for the first time in this paper are represented by blue squares. These objects largely fall below the apparent magnitude completeness limit of the SDSS sample, and have significantly lower typical metallicities.
tions for the Sánchez Almeida et al. (2016) objects are conducted in the same manner as for our sample (Section 3.3); as we are plotting O 32 , we only include those systems with [O ii] λλ3727, 3729 constraints from SDSS. Reionization-era galaxies are expected to present both high O 32 (e.g. Nakajima et al. 2016, and Tang et al. 2018, in-prep.) and high equivalent-width Hβ. This plot reveals that the bulk of XMPs identified from SDSS spectra present relatively low Hβ equivalent widths. The median Hβ equivalent width of our sample of XMPs is 92Å, three times larger than the median for the SDSS XMPs of 28Å. This difference suggests that the XMPs we have identified here are undergoing far more vigorous star formation relative to their mass than typical previously-known XMPs, closer to that expected in early galaxies. As a result of the preponderance of young massive stars in these systems, we might expect the gas in these objects to show evidence for a more intense ionizing radiation field.
The O 32 ratio is commonly used as a proxy for the ionization parameter, or the density of ionizing radiation relative to the gas density. Figure 9 reveals that indeed, the XMPs presented here host more highly-ionized gas than most XMPs from the SDSS spectroscopic sample. Our XMPs have O 32 ratios ranging as high as 10, with median O 32 = 4.1 (and an even higher median O 32 = 6.4 for the subset with Hβ equivalent widths above 100Å). This is substantially higher than the majority of SDSS XMPs shown, which have median O 32 = 1.2. This indicates that the gas in the galaxies we have uncovered is more highly-ionized than in most previously-known XMPs, consistent with these systems hosting harder ionizing radiation fields.
The offset towards higher Hβ equivalent widths and O 32 ratios in our XMPs is consistent with these systems hosting . Hβ equivalent widths (a proxy for sSFR) versus dustcorrected O 32 values (a proxy for ionization parameter) for our galaxies (blue circles), color-coded by absolute i-band magnitude. We plot as black points the XMPs uncovered uniformly from the SDSS spectroscopic sample by Sánchez Almeida et al. (2016) . Uncertainties (1σ) are plotted for our galaxies, and are hidden by the markers in several cases. The vast majority of SDSS XMPs are clustered at Hβ EWs < 50Å and O 32 < 3. Relatively few previously-identified XMPs extend into the high-sSFR region of this diagram at Hβ EWs > 50 where our objects reside. The gas in the XMPs presented here is also more highly-ionized than in most XMPs from the SDSS spectroscopic sample, consistent with substantially different stellar populations and resulting ionizing radiation fields.
significantly different massive stellar populations than typical previously-known XMPs. Figure 9 indicates that the average XMP from the SDSS spectroscopic sample has undergone a more extended star formation history, resulting in an optical spectrum with a substantial contribution from stars formed > 10 Myr ago and less highly-ionized gas. The EUV and X-ray radiation powered by a typical nearby XMP with a Hβ equivalent width of 30Å (sSFR 1 Gyr −1 under constant star formation) is likely very different from that of a reionization-era galaxy which has formed essentially all of its stars in the last 100 Myr (sSFR 5-10 Gyr −1 ). Future studies targeting these high-sSFR XMPs will provide a new window onto the massive stars and X-ray populations that likely dominate the early universe. As a first step towards constraining their EUV ionizing spectra, we examine high-ionization nebular He ii emission in our galaxies. The He ii λ4686 nebular emission line is a recombination line powered by extremely energetic photons > 54.4 eV. This line is commonly observed in lowmetallicity star-forming dwarf galaxies (e.g. Garnett et al. 1991; Brinchmann et al. 2008; Shirazi & Brinchmann 2012; Senchyna et al. 2017) , but the origin of the necessary > 54.4 eV photons is still a matter of debate. The commonly-cited candidate sources of narrow He ii are very massive stars and the fast radiative shocks their supernovae drive, lowermass products of binary stellar evolution, and X-ray binary systems. By median-stacking the MMT spectra presented in this paper, we can constrain the presence of this line in these new galaxies. Stacking the continuum-normalized MMT spectra reveals prominent narrow He ii (Figure 10) . We fit the line complex around He ii simultaneously with Hβ after subtracting a fit to the continuum using pyspeckit (Ginsburg & Mirocha 2011) , simultaneously fitting 6 Gaussians with a common width to He i λ4471, [Fe iii] λ4658, He ii λ4686, [Ar iv]+He i λ4712, [Ar iv] λ4740, and Hβ, and measure uncertainties in these line measurements by repeatedly perturbing the stacked spectrum by the 1σ residual noise and refitting. The full stack reveals a flux ratio He ii λ4686 / Hβ = 0.0133 ± 0.0004. Assuming Case B recombination, this ratio is tied to the spectral hardness ratio Q(> 54.4ev)/Q(> 13.6eV), and the measured ratio corresponds to Q(> 54.4ev)/Q(> 13.6eV) 0.006; this is extremely difficult for stellar population models to reproduce (e.g. Shirazi & Brinchmann 2012 , and references therein), but is consistent with measurements in other galaxies below Z/Z < 0.2 (e.g. Senchyna et al. 2017) .
We can also investigate how this spectral hardness changes with other galaxy parameters such as metallicity by stacking separate bins of our sample. Stellar population models predict harder ionizing spectra beyond the He + -ionizing edge with decreasing stellar metallicity, as stars evolve to hotter temperatures and stellar winds diminish in density. This is observed in local star-forming regions, with typical He ii/Hβ ratios increasing by a factor of 5-10 below Z/Z 0.2 (e.g. Senchyna et al. 2017 , and references therein). We first examine two stacks of our sample at gasphase metallicities above and below 12 + log O/H = 7.6, measuring He ii/Hβ in each. We find a slightly larger value of 0.0135 ± 0.0006 above 12 + log O/H = 7.65 than in systems below it (0.0118 ± 0.0005), but both are near the value measured in the full stack and are substantially elevated relative to high-sSFR systems above 12 + log O/H = 8.0. The small difference observed with decreasing metallicity may reflect the relatively small dynamic range in metallicity spanned by our stacks; the median metallicities of the galaxies in each are 12 + log O/H = 7.78 and 7.57.
Canonical stellar models and the fast radiative shock explanation both predict that > 54.4 eV photons will be dominated by the most massive stars and their supernovae, and thus that He ii should correlate with the presence of very massive stars with lifetimes < 10 Myr (e.g. Schaerer & Vacca 1998) . Adopting this picture, we expect to find that He ii is strongest in systems with large Hβ equivalent widths indicative of more dominant recent star formation. We thus consider two median stacks split in Hβ equivalent width above 100Å (21 objects, median 131Å) and below (32 objects, median 61Å) (see Figure 10 ). This plot shows that the metal lines nearby He ii appear to qualitatively scale with Hβ, indicating that the ionizing radiation powering them is coupled to the very massive < 10 Myr stars dominating the H i-ionizing flux. But surprisingly, we find He ii λ4686 at nearly identical equivalent width in both stacks (1.07±0.06Å among those with Hβ > 100Å, and 0.96±0.05Å in the < 100 A stack). We measure a He ii/Hβ ratio of 0.0171 ± 0.0008 in the Hβ < 100Å stack, nearly double that measured for the highest sSFR systems with Hβ > 100Å (0.0093 ± 0.0005). This suggests that a source with characteristic timescales longer than 10 Myr or effectively decoupled from the lifetimes of the most massive stars contributes substantially to the He + -ionizing photon budget in these systems. Binary stellar evolution pathways can produce stripped stars from EW(Hβ) < 100Å Figure 10 . The median-stacked continuum normalized spectra of the galaxies in our sample centered on He ii and separated into two bins above and below an Hβ equivalent width of 100Å. These stacks both reveal prominent narrow He ii λ4686Å emission. Surprisingly, the equivalent width of He ii is visibly unchanged between the two stacks though the equivalent widths of the strong nebular lines are significantly different. This suggests that some of the hard ionizing radiation > 54.4 eV is decoupled from the lifetimes of the most massive stars (< 10 Myr), and may require invoking longer-lived stellar sources such as binary evolution products. Deeper data and He ii detections in a range of individual XMPs will be required to draw firmer conclusions.
lower-mass progenitors with substantial flux at 54.4 eV on timescales of 20 Myr or greater (Gotberg et al. 2017) . In addition, X-ray binaries with A-type or later donor stars can live for 10-100 Myr and power relatively soft spectra with potentially a more significant impact at 54.4 eV than their high-mass counterparts (e.g. Fabbiano 2006 ). Other evolved products of longer-lived stars such as post-AGB stars may also play some role in powering this line (e.g. Binette et al. 1994) . Further constraints on the nature of this ionizing radiation will require deeper spectra of individual XMPs and more detailed model comparison. However, this simple experiment highlights the importance of examining how integrated galaxy measurements change with stellar population properties when comparing nearby systems to stellar models or to galaxies in the early universe.
SUMMARY AND OUTLOOK
We have described a broadband color selection designed to identify low-redshift z < 0.03 extremely metal-poor galaxies with prominent recent star formation. We then presented the first results of a spectroscopic campaign targeting candidates selected using this technique from SDSS imaging, extending 3 magnitudes below the completeness limits of the SDSS spectroscopic sample. We detected the [O iii] λ4363 auroral line in 53 systems, allowing measurement of direct-T e gas-phase oxygen abundances. All but one of these systems was found to have 12 + log O/H < 8.0 (Z/Z < 0.2), and more than half are extremely metal-poor galaxies with 12+log O/H < 7.7. We discovered 32 galaxies in this metallicity range, including two of the most metal-poor star-forming galaxies known, with Z/Z < 0.05 and very low stellar masses (M/M < 10 5 ). Extremely metal-poor galaxies can potentially shed light on the physics of Z/Z < 0.1 massive stars and the nature of reionization-era galaxies (e.g. Crowther & Hadfield 2006; Brorby et al. 2016; James et al. 2017 ). However, they are not a uniform population: known XMPs display a variety of star formation histories (Section 4.3). The majority of the relatively bright XMPs discovered by SDSS have significantly less dominant massive star populations than inferred for systems at z > 6, manifesting in low typical Hβ equivalent widths and ionization parameters (Figure 9 ). The stellar populations and radiation fields in such systems are likely substantially different from galaxies in the reionization era, and as a result typical XMPs cannot be used as analogs of high-redshift galaxies. The XMPs uncovered with our photometric technique and host more vigorous star formation and highly-ionized gas than the bulk of XMPs discovered previously by SDSS, and thus serve as a step towards a more complete laboratory for testing models of extremely metalpoor massive stars.
We demonstrate the importance of considering the varied stellar populations occupying nearby XMPs by examining the mysterious high-ionization He ii λ4686 line. We found that unlike the other nebular lines, the equivalent width of He ii does not correlate significantly with Hβ equivalent width in our sample, suggesting that some of the extremely high energy > 54.4 eV flux in these galaxies is produced by sources with timescales > 10 Myr such as stripped stars produced by close binary evolution or low-mass X-ray binaries. Examining XMPs with the most vigorous recent star formation (high sSFRs) such as those uncovered by our survey is essential for isolating the impact of young massive stellar populations from other processes.
This initial study confirms that the present body of known XMPs is incomplete (as previously shown by Sánchez Almeida et al. 2017 ), especially at very high specific star formation rates. SDSS photometry allowed us to select systems down to u ∼ 21, revealing that a substantial number of XMPs dominated by young stellar populations reside just below the completeness limits of large spectroscopic surveys. Deeper HSC-SSP photometry allowed us to identify J0845+0131, an isolated and compact 10 4.7 M system at particularly low metallicity 12 + log O/H = 7.30 ± 0.13 and with very strong nebular line emission (Hβ equivalent width 296 ± 63Å) suggestive of individual super star clusters in SBS 0335-052E (e.g. Reines et al. 2008 ) but too faint for SDSS to resolve. Many more such systems likely await discovery at these faint magnitudes.
Deep photometric surveys in-progress or coming online in the next decade will likely significantly expand the number and diversity of known galaxies at the lowest metallicities. We have demonstrated that the Hyper Suprime-Cam Subaru Strategic Program (HSC-SSP; Aihara et al. 2018) can already be applied to reach fainter magnitudes than SDSS. The Dark Energy Survey (DES; Abbott et al. 2018) and the imminent Large Synoptic Sky Telescope (LSST; Ivezic et al. 2008 ) provide access to new areas of sky in the Southern Hemisphere, and will eventually reach extremely faint objects (r ∼ 27.5). Color and morphological selection criteria applied to these datasets along with deep spectroscopic follow-up will likely yield a substantial number of XMPs with high equivalent-width nebular emission powered by a variety of stellar populations, bringing us closer to a complete empirical picture of extremely metal-poor stellar populations.
